The static magnetic susceptibility of two different YBa 2 Cu 3 O 6.30 samples has been measured at different fields in the range 2 -300 K, using a superconducting quantum interference device magnetometer; one sample has been prepared by oxygen intercalation, the other one by deintercalation. The susceptibility shows a peak near 45 K in both samples, which depends on the field and the magnetic history. The susceptibility of semiconducting and superconducting compounds, with an oxygen content O 6.20 and O 6.41 , respectively, has also been investigated. The presence of the peak in the YBa 2 Cu 3 O 6.30 samples has been explained by the combined effect of regions with a Curie-like behaviour and superconducting regions. The origin of these regions is discussed.
Introduction
A characteristic feature of the cuprate high-T c superconductors (HTSC) is the strong dependence of their magnetic and superconduction properties on the number of holes (h) in the Cu(2)O 2 planes [1 -4] . The long-range antiferromagnetic order at low-doping (h < 0.02) and the superconduction at high doping (h > 0.05) are clearly observed for all HTSC's [1, 3] . The transient region (0.02 < h < 0.05), enclosing the vanishing of antiferromagnetism (AF) and the emergence of superconductivity (SC), still remains unclear. A coexistence of SC with a novel spin-glass phase has been experimentally evidenced by neutron scattering [5] , DC magnetization [6] , muon spin relaxation (µSR) [7 -8] and nuclear quadrupole resonance [9] in the La 2−x A x CuO 4 (A = Sr, Nd) system and by µSR [8] in the Y 1−x Ca x Ba 2 Cu 3 O 6.1 system. For the YBa 2 Cu 3 O 6+x (YBCO) compounds this transient regime, corresponding to 0.2 < x < 0.4, is not readily accessible since the hole transfer from the Cu(1)O x chains to the Cu(2)O 2 planes is rather complex and depends critically on the oxygen ordering and content [10] . This introduced an uncertainty in many earlier studies of the phase diagram of the YBCO system, due to the difficulty in preparing samples with low oxygen content and the reproducible oxygen order conditions 0932-0784 / 03 / 0900-0546 $ 06.00 c 2003 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com in the mostly empty Cu(1)O x chains. We have developed a topotactic-like technique for processing oxygen equilibrated and ordered polycrystalline pairs of YBCO samples suitable for this purpose, i.e. of well defined oxygen order conditions [11] .
The aim of this work is to investigate the DC magnetic susceptibility in the AF-SC transient region on polycrystalline YBCO samples. We investigated a pair of YBa 2 Cu 3 O 6+x samples (x = 0.30) prepared with the topotactic-like technique by intercalation and disintercalation of the oxygen; two samples with a larger (x = 0.41) and smaller (x = 0.20) oxygen content were also studied. The measurements, performed with a superconducting quantum interference device (SQUID) magnetometer, reveal an irreversibility temperature identified by the splitting of the zero field cooling (ZFC) and field cooling (FC) DC magnetization curves. The observed behaviour is discussed.
Experimental Procedure
The YBa 2 Cu 3 O 6+x samples under investigation (x = 0.20; 0.30 and 0.41) were prepared by an oxygen intercalation/deintercalation process in a topotactic-like way. In this technique the fully oxygenated and reduced (x ∼ 1 and x ∼ 0) end-terms, annealed into a sealed vessel in vacuum, act as oxygen donor and ac- The X-ray diffraction patterns, collected using a θ -2θ conventional powder diffractometer (Siemens D501) with Cu-K α radiation, did not show the presence of impurities of other phases in the samples investigated.
AC resistive measurements were carried out by the standard four-probe method at 33 Hz and current density of 0. In Fig. 2 the magnetization of the semiconducting [I] 0.20 sample at 200 G is shown; the value of susceptibility at 295 K turns out to be (3.49 ± 0.05) · 10 −7 emu/g. The ZFC and FC curves coincide, and there is no dependence of the susceptibility on the field up to 20 K. Fig. 3 plots the shielding and the Meissner magnetization of the superconducting [D] 0.41 sample at 100 G; the value of susceptibility at 70 K is (9.48 ± 0.05) · 10 −7 emu/g. The onset temperature of the superconductive transition, determined by the diamagnetic transition, is (53 ± 1) K, and the shielding susceptibility reaches a value of 4% of the susceptibility of the perfect diamagnet.
Results

Discussion
The strong increase of the magnetization at low temperatures in the non-superconducting samples must be analyzed. As it concerns the [I] 0.30 sample, a Curie-like behaviour can be searched at temperatures higher than the peak; we made a fit of the data at different fields to the function
for 50 K< T < 300 K [9] . We found a Curie temperature (T c ) of (19 ± 1) K and a Curie constant (C) of (3.0 ± 0.1) · 10 −5 emu/g·K for the different fields.
Moreover the susceptibility below 19 K, measured at 25, 50, 500, and 2000 G, is field dependent. The dependence on the field suggests that the behaviour at low temperature is dominated by the presence of ferromagnetic impurities which usually are formed in the preparation of ceramic YBCO systems; the value of T c (19 K) permits to identify this impurity as the ferromagnetic BaCuO 2 compound [13] , which has been observed as impurity in YBCO systems [13] . The amount of BaCuO 2 is about 1.7% of the mass, as deduced by the value of C [13] . crease of the susceptibility at (45 ± 1) K, due to superconducting regions with lower T c . It is difficult to make statements about the origin of this superconducting region in the YBCO 6.30 samples; it is possible that this region is due to a slightly different Cu(1)O x chain ordering through the bulk [10] .
The magnetization of the YBCO 6.30 samples is fully explained by the combined effect of ferromagnetic impurities and superconductiong regions; the peak at low fields is generated by the Curie-like behaviour combined with a superconducting transition; in the [D] 0.30 sample the appearance of two peaks depends on the two superconducting transition temperatures. At the maximum susceptibility, the ZFC and FC curves separate because the ZFC and FC susceptibilities describe the shielding and Meissner effect of the superconducting regions. The disappearance of the peaks at higher values of the field is due to the suppression of the superconductivity (at a given temperature) by the magnetic field.
Therefore in the [I] 0.30 and [D] 0.30 samples, no feature of the magnetization which can be ascribed to a spin-glass ordering have been observed according to recent µSR measurements [14] , unlike the DC magnetization observed in La 1.96 Sr 0.04 CuO 4 [6] . The presence of a peak depending on the field and on the magnetic history has a different origin, as above described. However, we remark that possible spin-glass ordering below 45 K could be masked both by the small superconducting regions and by the ferromagnetic impurities observed.
Conclusions
The measurements performed with a SQUID magnetometer for two different x = 0.30 samples reveal a peak close to 45 K in the DC susceptibility curves. The observed behaviour is explained by the presence of superconducting regions, involving less than 1% of the mass of the samples. No spin-glass ordering has been observed. The presence of a peak, depending on the field and the magnetic history, has the different origin described above.
